Abstract Health councils recommend higher fish consumption because of its associated health benefits. However, overfishing is considered the main threat to marine fisheries. To answer to the global fish demand, cultivated fish production continues to grow and may come with environmental concerns. This study aims to evaluate environmental sustainability and n-3 long chain (≥C 20 ) polyunsaturated fatty acids (n-3 LC-PUFA) content of current fish consumption in the Netherlands. Fish consumption was assessed on two non-consecutive days by 24-hour recalls in the Dutch National Food Consumption Survey 2007-2010 (n = 3819, aged 7-69 yr). Fish products consumed were classified according to species and types of fishery. We evaluated greenhouse gas emissions (GHGE) and land use, calculated via life cycle assessments. Fish stocks and biodiversity were taken into account via sustainability labels. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) contents in fish were calculated based on analyses available from food composition databases and literature. The Dutch average consumption is 6-15 g fish per person per day, of mostly wild-caught fish. Large variations exist between fish species in GHGE and n-3 LC-PUFA contents, and are independent of the type of fishery. Land use is higher for cultivated fish. Cultivated salmon contains significantly more n-3 LC-PUFA and total fat than wild-caught salmon. For most species evaluated, except for mackerel and catfish, fish with a sustainability label is available. Our results suggest that herring, wild-caught and cultivated salmon with MSC/ASC logo are a reasonable choice from the combined perspective of n-3 LC-PUFA content and the selected environmental indicators.
Introduction
Coping with limited environmental resources and simultaneously feeding a growing global population in a healthy way is a major challenge (Garnett 2008) . With regard to fish consumption, overfishing poses a large pressure on marine fisheries. In 2015, 7.5 % (of a total of 1220 species) of all European marine fish species are threatened with extinction. Another 2.6 % are considered near threated (IUCN 2015) . Existing marine management has been successful for the recovery of some fish stocks, but not yet for all (IUCN 2015) . In the meantime, cultivated fish production has grown rapidly (especially in Asia) over the last decades, nowadays covering up more than 40 % of the total fish supply for human food (FAO 2014) . Just like wild-caught fish also cultivated fish production may have sustainability problems.
To determine the environmental impact of fish consumption, several direct and indirect indicators may be considered. For wild fisheries, direct ecosystem impacts are primarily related to overfishing, but also to by-catch and discards, seabed disruption and chemical pollution (Goñi 1998) . Cultivated fish production is related to disruption of coastal ecosystems, eutrophication, chemical pollution and antibiotic use (Iwama 1991; Mirto et al. 2010; Wu 1995) . Wild-caught fish is processed into fish meal and fish oil used to feed cultivated fish (Westhoek et al. 2011) , but also various plant-based alternatives are used (Naylor et al. 2009 ). Greenhouse gas emissions (GHGE) and land use, the latter mainly for cultivated fisheries that require agricultural land (e.g., for soy production), can be considered as indirect impacts associated with energy usage, fossil fuels and terrestrial land use (Westhoek et al. 2011) .
Several guidelines were developed to guide retailers and consumers towards (more) sustainable fish choices through product labelling. The Marine Stewardship Council (MSC) label for sustainable wild fisheries includes criteria for e.g., maintenance and recovery of wild fish populations and the integrity of ecosystems; thereby meeting the relevant local and national laws and standards as well as international agreements (MSC 2014b) . For cultivated fish, the Aquaculture Stewardship Council (ASC) label takes into account seven principles; comprehensive legal compliance; conservation of natural habitat and biodiversity; conservation of water resources; conservation of species diversity and wild population through prevention of escapes; use of feed and other inputs that are sourced responsibly; good animal health (no unnecessary use of antibiotics and chemicals); and social responsibility for workers and communities impacted by farming (ASC 2014) .
Regarding the nutritional composition, fish is an essential source of long chain (≥C 20 ) polyunsaturated fatty acids (LC-PUFA); eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). For our daily intake we largely depend on the consumption of seafood including fish (Health Council of the Netherlands 2015). Although inconsistencies in the evidence exist (Ascherio et al. 1995; He et al. 2004a, b; Osler et al. 2003; Raatz et al. 2013 ), a higher intake of fish is associated with a lower risk of cardiovascular diseases and mortality (He et al. 2004a, b; Raatz et al. 2013) .
Recommendations for the consumption of fish and n-3 LC-PUFA intake vary, but health councils worldwide advice to consume fish because of its positive health effects. The Dutch Health Council recommends one serving of fish (preferably oily fish) per week (Health Council of the Netherlands 2015). International guidelines recommend a consumption of 250 mg n-3 LC-PUFA per day (EFSA Panel on Dietetic Products Nutrition and Allergies (NDA) 2010; FAO/WHO 2008) .
Of the Dutch population, 6-28 % consumes fish twice a week, 28-65 % once a week and 5-18 % less than once a week (Van Rossum et al. 2011) . The frequency of fish consumption increases by age for both men and women (Van Rossum et al. 2011 ). In the Netherlands, current fish consumption contributes to 4 % of protein intake and 22 % of EPA and DHA intake. Moreover, the current fish consumption contributes to intakes of vitamin B12 (9 %), vitamin D (8 %) and selenium (8 %) (Van Rossum et al. 2011 ).
The n-3 LC-PUFA content varies according to fish species, size, season and the composition of feed (Murray and Burt 2001) . Oily fish species, such as salmon, mackerel and herring, contain a high amount of fat and n-3 LC-PUFA (Strobel et al. 2012 ). The n-3 LC-PUFA content of cultivated fish varies according to the fish feed composition. Several studies report that cultivated fish, such as turbot, bream and crayfish, contain more fat than wild fish, whereas their n-3 LC-PUFA content was estimated lower than in similar wild fish species (Harlioğlu et al. 2012; Sérot and Gandemer 1998; Zakeri 2011) . Food safety aspects, such as contaminants and antibiotics, are not taken into account in our study.
This study aims to explore a selection of environmental aspects (GHGE and land use as indirect indicator and availability of sustainability labels as more direct indicator) and n-3 LC-PUFA content of different fish species and fisheries (wild, cultivated or both); and to put these aspects in the perspective of the present quantities of fish species consumed in the Netherlands.
Methods
This study combined data on the environmental aspects and nutritional composition of fish consumption. The environmental impact was estimated for the total fish consumption in the Netherlands (in g/day) as well as per fish species (in kg product). Moreover, n-3 LC-PUFA content was quantified per fish species. Consequently, the fish species were categorized in types of fishery and compared in environmental impact and n-3 LC-PUFA content.
Current fish consumption in the Netherlands
Consumption data of the Dutch National Food Consumption Survey (DNFCS) 2007-2010 were used to determine the consumed fish products among the Dutch population aged 7-69 years (Van Rossum et al. 2011) . The food consumption of 3,819 people was assessed by two non-consecutive 24-h recalls. The recalls were equally spread over the days of the week and throughout the year, with an average interval of 4 weeks. Pregnant and lactating women and institutionalized people were excluded from the population. All fish consumed, except for shellfish, was included in this study. For shellfish, the available data on environmental impacts was limited. Most consumed fish products in the Netherlands (covering 75 % of total quantity) were classified according to species and type of fishery (wild, cultivated, both/unspecified) ( Fig. 1) , using information of the North Sea Foundation and the MSC (MSC 2014b; North Sea and World Wide Fund for Nature 2013). Catfish was not reported in the DNFCS, but is included in the assessment, because catfish is cultivated and sold in the Netherlands (Anova Seafood 2014).
Environmental impact of fish
The environmental impact of fish consumption was assessed considering three indicators: greenhouse gas emissions (GHGE, kg CO 2 -equivalents per kg product), land use (m 2 *year per kg product) and availability of MSC or ASC labels. GHGE is an indicator for global warming (Garnett 2013) , and in this study covers not only carbon dioxide (CO 2 ) emissions, but also methane (CH 4 ) and nitrous oxide (N 2 O) emissions, which are expressed in CO 2 -equivalents.
The relative contributions of the gasses to global warming, i.e., CO 2 -equivalents, were estimated using guidelines of the International Panel for Climate Change (Blonk et al. 2009; IPCC 2006) . Next, land use was determined as environmental impact indicator for fish production. This covers the surface needed for the production during a certain period of time (Blonk 2012) . For wild fish, no land use was attributed to the capture of the fish (Blonk et al. 2009 ). Sustainability labels were included in the analysis to target other environmental aspects, such as biodiversity and depletion of fish stocks.
The amount of GHGE and land use was estimated via life cycle assessments (LCA) for 20 fish products by Blonk Consultants (dataset version 2013). In an LCA, the total amount of emissions and resources used are calculated throughout the whole life cycle of a product (from the production stage to the waste stage); e.g., fish processing, packaging, retail, transport, preparation, storage and disposal. The LCA in this study included also fossil fuel use for both wild and cultivated fisheries (including the production of fish feed) and fish by-catch for the wild fishery. The activities of the consumer, such as transport from grocery store to home, were not taken into account due to large variations and because they can be considered the same for the different species and types of fishery (Blonk 2012) . Moreover, preparation and disposal were not taken into account for raw fish products, such as herring. For determination of GHGE and land use of total fish consumption, extrapolations were applied to fish products lacking environmental data. For example, 'salmon pate' was assumed to cover the same amount of GHGE and land use as 'salmon fillet'. Environmental data of other foods was estimated by LCA (dataset Blonk version 2012) as well, to calculate the total daily environmental impact of food consumption. All fish species were evaluated on presence or absence of a sustainability label using current literature (ASC 2014; MSC 2014b; North Sea and World Wide Fund for Nature 2013).
N-3 LC-PUFA
N-3 LC-PUFA (EPA and DHA) and total fat content of fish (and other foods) was available from the Dutch Food Composition Table (NEVO table 2013 Only data originating from food analysis were included. For the remaining fish and other foods, EPA and DHA concentrations were used that were already included in the Dutch Food Composition Database.
Statistical analysis
The average GHGE (in g CO 2 -equivalents/day) and land use (in dm 2 /day) of the current fish consumption were calculated based on two consumption days. For nutrient intakes, median habitual intakes of EPA and DHA (in mg/day) were calculated from two consumption days using a Logistic Normal Normal (LNN) model, considering correlations between frequency and amount of consumption by the program Monte Carlo Risk Assessment (MCRA edition 8, http://mcra.rivm.nl). The 95 % confidence bounds were estimated using the bootstrap method with 100 iterations. These results were weighted for small deviances in socio-demographic characteristics, days of the week and season of data collection, in order to give results that are representative for the Dutch population. All fish products that were included in the DNFCS and catfish were analysed, except for shellfish.
To evaluate differences in environmental impact and fat composition of various fish species and types of fishery, mean GHGE (in kg CO 2 -equivalents/kg product), land use (in m 2 *year/kg product), total fat (in g/100 g), n-3 LC-PUFA, EPA and DHA content (in mg/100 g) were calculated for 29 most consumed fish products categorised into 11 fish species. Since food composition data were derived from multiple sources, sample sizes differ per nutrient and fish species. Differences between species were analysed by the Mann-Whitney U test, and differences between types of fishery by the Kruskal-Wallis test. P-values below 0.05 were considered as statistically significant.
Results

Mean environmental impact of current fish consumption
In the Netherlands, average fish intake was 6.0 g/day for children and 14.6 g/day for adults. More than half (53 %) of the consumption is from wild-caught fish, about 20 % from cultivated fish and the unspecified rest mainly from salmon (Table 1) . Fish was consumed on 7 % of the days for children and on 16 % of the days for adults. On fish consumption days, the average portion of fish consumed was around 82-90 g. Salmon that could be wild, cultivated or unspecified was the most consumed fish species (in quantity and frequency) in this Dutch population. For the consumption of wild fish, Alaska Pollack (including products such as fish fingers) contributed most in quantity, followed by herring and tuna. Mean GHGE from fish consumption is 89.2 g CO 2 -eq. per person per day, which is 2.1 % of the total daily GHGE resulting from food consumption. Mean land use from fish consumption is 3.1 dm 2 per person per day, which covers 0.7 % of the total land use due to food consumption. Median habitual EPA and DHA intakes from fish are 44.3 (22.7-81.5) mg and 48.4 (31.4-68.1) mg per person per day, respectively. Table 2 shows the GHGE and land use per kg fish for several fish species and types of fishery (i.e., wild or cultivated). GHGE of wild-caught fish ranged from 1.9 to 18.1 kg CO 2 -eq./kg, with approximately a 10-fold difference between species with the lowest (mackerel) and the highest (tuna) value. GHGE of cultivated fish ranged from 3.7 to 15.8 kg CO 2 -eq./kg, with salmon with the lowest and tilapia with the highest estimated emissions. The average GHGE was slightly higher for cultivated (9.6 kg CO 2 -eq./kg) than for wild fish (5.6 kg CO 2 -eq./kg) (P = 0.150). Land use was highest for the cultivated species tilapia and pangasius and low for all wild-caught species. Average land use was significantly higher for cultivated fish (4.1 m 2* year/kg) compared to wild fish (0.4 m 2* year/kg) (P < 0.001). Considering salmon, which could be wild-caught or cultivated, land use was higher for cultivated (3.1 m 2* year/kg) than for wild-caught (0.6 m 2* year/ kg) salmon, but GHGE were comparable (3.7 and 4.0 kg CO 2 -eq./kg respectively).
Additionally, fishing areas for sustainably caught fish, according to MSC and ASC labels, are shown in Table 2 . All wild-caught species, except for mackerel, are available with a MSClabel (March 2014) (MSC 2014b). Among the cultivated fish available on the Dutch market, catfish is not available with an ASC-label and trout is currently under assessment (ASC 2014).
Nutritional composition per 100g fish
Total fat, n-3 LC-PUFA, EPA and DHA content varied between the different fish species (P < 0.001, Table 3 ). Of the wild species, cod had the lowest n-3 LC-PUFA content (187 mg per 100 g) and mackerel the highest (3621 mg per 100 g). Of the cultivated species, tilapia had the lowest n-3 LC-PUFA content (90 mg per 100 g). Cultivated salmon had a significantly higher n-3 LC-PUFA content (1631 mg per 100 g) compared to wild-caught salmon (1030 mg per 100 g) (P < 0.001). Total fat content was two times higher in cultivated salmon. EPA and DHA contents were lowest for tilapia (cultivated), 6 mg and 85 mg per 100 g respectively, and the highest for mackerel (wild), 1259 mg and 2362 mg per 100 g respectively.
No statistical differences in EPA and DHA content were found between the types of fishery. Wild fish contained on average 379 mg EPA per 100 g compared to 447 mg per 100 g for cultivated fish. The content of DHA for wild fish was 656 mg versus 737 mg per 100 g for cultivated fish.
GHGE and n-3 LC-PUFA combined
Figure 2 presents an overview of GHGE and n-3 LC-PUFA content of the various fish species in percentages relative to the highest values. Mackerel contains by far the highest amount of n-3 LC-PUFA followed by herring and salmon (cultivated). Additionally, these fish species have relatively low GHGE. Tuna contributes most to the GHGE followed by tilapia, trout and catfish. Of the cultivated species, pangasius has low GHGE, but has a high contribution to land use mainly in Asia (Table 2) , which is not shown in Fig. 2. 
Discussion
To our knowledge, this study is the first to evaluate the combination of environmental aspects and nutritional composition of fish consumption of the Dutch population. On average, Dutch children consume 6 g fish and adults~15 g fish per person per day. Salmon (wild and Considers Alaska Pollack fish fillet and fish fingers * Mean point estimate is significantly different between fish species, based on a P-value of 0.05 cultivated) contributed most to total fish consumption, followed by the wild-caught fish species Alaska Pollack, herring and tuna. Fish consumption represents only a small part of the total environmental impact of food consumption in the Netherlands, indicated by GHGE and land use. Large variations exist between fish species concerning GHGE and n-3 LC-PUFA content. This is similar for the average cultivated fish compared to wild fish. Land use is higher for cultivated than for wild fish, because of land needed for the production of fish feed as well as for cultivation areas (Blonk et al. 2009; Nijdam et al. 2012) . Differences between cultivated species are due to physiological differences. For example, pangasius requires more feed to grow than salmon, which is less efficient in turning feed into fillets (Blonk et al. 2009 ). Consequently, more land is needed to produce fish feed. GHGE are significantly different between fish species, indicating a large variety caused by different catching and production methods (Nijdam et al. 2012) . For tuna for example, GHGE is high because of the large amount of by-catch during capture, which requires a large amount of energy (FAO 2012) .
Other environmental impacts such as biodiversity loss and depletion of fish stocks also contribute to sustainability. These impacts were taken into account via the MSC and ASC labels according to literature, but were not quantified in this study, since consumption data did not contain information on sustainability labelling. Nevertheless, in 2012, sale volumes for sustainably caught and cultivated fish increased by 16.7 % compared to 2011 in the Netherlands (LEI/Wageningen 2013a). Moreover, the monitor on Sustainable Foods revealed that around 85 % of the wild fish supply in Dutch supermarkets was MSC- a GHGE, greenhouse gas emission; LC-PUFA, long chain polyunsaturated fatty acids; MSC, Marine Stewardship Council; ASC, Aquaculture Stewardship Council a Tuna had the highest GHGE and mackerel the highest n-3 LC-PUFA content that were both set to 100 %. (White square) MSC-label available for wild fish species (Black diamond suit) ACS-label available for cultivated fish species certified (LEI/Wageningen 2013b). Overall, 1122 fish products (canned, fresh or frozen) were available with a MSC label on the Dutch market (situation 2014) (MSC 2014a). However, the presence of a sustainability label for a certain species does not necessarily mean that all sold fish of that species is sustainably caught. Sale volumes of ASC-labelled fish are still low, but are expected to increase (ASC 2014; LEI/Wageningen 2013b). Although mackerel emitted fewest GHGE and had low values for land use, the sustainability label has been withdrawn due to depletion of stocks (MSC 2014b) . This indicates the importance of considering several environmental indicators.
With regard to the fat composition, EPA and DHA contents differ between fish species related to characteristics, such as body composition, feed and location of origin (Murray and Burt 2001) . These variations were large and depend foremost on the kind of species. Note that wild-caught fish are mostly different species than cultivated fish. In general, contents of n-3 LC-PUFA depend on total fat content (Dutch Fish Agency) and is thought to be related to the type of fishery (lower for cultivated fish compared to wild fish) (Harlioğlu et al. 2012; Sérot and Gandemer 1998; Zakeri 2011) . The latter was not confirmed by our results. This may be due to our selection of fish species compared to other studies, i.e., turbot, bream and crayfish were not included among the most consumed species in the Netherlands. Furthermore, previous research compared similar fish species with different types of fishery, whereas our study, considered different species with different types of fishery. In our study, salmon is the only species that is wild-caught and cultivated. Cultivated salmon contained considerably more total fat and n-3 LC-PUFA than wild salmon, which is also found by others (Jensen et al. 2012; Strobel et al. 2012 ). According to Jensen et al. (2012) the fatty acid composition of fatty fish, such as salmon, may be largely determined by the fatty acid composition of the fish feed.
Average fish intake among European countries varies largely according to Roswall et al. (2014) , with the highest intakes in Spain and the lowest intakes in the Netherlands and Germany. According to the current Dutch fish consumption, intake of n-3 LC-PUFA is considerably lower than the recommendations (EFSA Panel on Dietetic Products Nutrition and Allergies (NDA) 2010; FAO/WHO 2008) . A large part of the Dutch population did not consume fish on the two recalled days. If the recommendation of once a week a portion of (oily) fish would be met, the GHGE due to fish consumption would approximately double. This does not necessary increase total daily GHGE if fish replaces other protein-rich sources with a comparable or higher environmental impact. When comparing mean GHGE and land use per kg product, the environmental impact for an average cultivated or wild fish is lower than for beef, but higher than for pork, chicken, egg, tofu or vegetarian burgers. The fish species in this study with the highest GHGE per kg, tuna and tilapia, are comparable to the GHGE of Dutch beef (Blonk and Luske 2008) . Thus, depending on the species, fish may be a favourable choice compared to for example beef, from GHGE, land use and n-3 LC-PUFA perspective.
From the species we evaluated, the wild-caught fish species mackerel and herring and as well as salmon (both wild and cultivated) contain a high amount of n-3 LC-PUFA. These species also have relatively low GHGE and land use. However, mackerel has no sustainability label due to stock depletion (MSC 2014b) . Trout (cultivated) is also a large source of EPA and DHA, but has relative high GHGE per kg. No fish species scores best on all indicators. Nevertheless, our results suggest that species such as herring and salmon could be a preferable fish to eat from the combined perspective of consumer health and environment. In order to increase sustainable fish fatty acids intake, alternative sources of n-3 LC-PUFA with low environmental impacts may provide another opportunity. For instance, microalgae, the initial n-3 LC-PUFA producers of the food chain may be used for human consumption. Applications exist in infant milk and pharmaceuticals (AdarmeVega et al. 2012 ). Other possible n-3 LC-PUFA sources are transgenic plants ( AdarmeVega et al. 2014) and krill oil, which is already used in supplements (Nichols et al. 2010) . A LCA of these alternatives would be required to explore the environmental load of fishing for krill or cultivation of algae and compare this with the LCA's on fish consumption.
Furthermore, environmental impact depends on fishing and farming methods, animal feed for cultivated fish, use of by-catch and side products, transport, storage and packaging, which all include uncertainty ranges. We have tried to make our analysis as representative as possible for the Dutch situation, taking into account all steps from primary production to preparation by the consumer. For the n-3 LC-PUFA concentrations in fish, analytical data from different countries were included in the analysis. The amount of data varied according to species. Finally, other aspects such as information about season of catch and location or country of origin could have improved the quality of composition as well as sustainability data.
Conclusions
The Dutch population consumes mostly wild compared to cultivated fish species. Our study showed large variations between fish species in GHGE and n-3 LC-PUFA contents. Land use was higher for cultivated fish species due to e.g., the production of fish feed. Our results suggest that herring as well as wild-caught and cultivated salmon with MSC/ASC logo are favourable fish species for consumption, when taking into account both n-3 LC-PUFA content and a selection of direct and indirect environmental indicators. No statement can be made on whether wild-caught or cultivated salmon is preferable from a sustainability point of view. Information from this study may help responsible authorities to develop fish consumption recommendations that are both environmentally sustainable and provide healthy nutritional advice for consumers.
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